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Forest structure can be described by means of structural indices. Pommerening (2002) divided structural indices into spatial, non-spatial (neighbourhood), spatial autocorrelation based or relying on species mixture or size class diversity calculations of both horizontal and vertical strata. Pommerening (2002) also examined typical representatives of the classification groups such as Shannon index, Clark and Evans aggregation index, contagion index, Pielou coefficient of segregation, mingling index, diameter differentiation index, pair correlation and mark correlation functions.
In our paper, we focus primarily on non-spatial indices of diameter structure diversity and equitability. Here, the approach based on estimates of tree size variation seems to be the most suitable. Valbuena et al. (2012) classified Gini index (Gini 1912 (Gini , 1921 into this group. To compute the Gini index, the Lorenz curve is used as a concept related to size ordering for equitability description (Studeny et al. 2011) . The Gini index represents the area between the 45° line and the Lorenz curve given as a percentage of the area below the 45° line (triangle area), which is 0.5 (Dixon et al. 1987; Neumann, Starlinger 2001; Lexerød, Eid 2006) . The Gini index was originally designed to determine inequality in income distributions in economics, but it has also been used to measure size hierarchies in plant populations (Weiner, Solbrig 1984) . Since that time, the Gini index has also been applied to evaluate how natural forest growth dynamics affected equality among tree sizes (Knox et al. 1989; Lei et al. 2009; Balanda 2012) , to assess the transformation process of even-aged forest stands to irregular forest stands (O'Hara 2001; Sterba, Ledermann 2006) , to reveal patterns of growth dominance in forests (Binkley et al. 2006) and to evaluate tree species and size diversity patterns in uneven-aged forests (Lundqvist 2004; O'Hara et al. 2007; Hui, Pommerening 2014) . The Gini index has gained recent attention as an evaluator of forest management practice (Nyland 2003; Lexerød, Eid 2006; Duduman 2011; Klopcic, Boncina 2011) .
In forestry, various techniques and methods were historically utilized to evaluate the process of transformation to selection forest (de Liocourt 1898; Meyer 1943 Meyer , 1952 Doležal 1948; Schütz 1975 Schütz , 2002 . Most of the methods were primarily based on the comparison of actual (real) and model (sample) diameter distributions. A model curve is usually mathematically derived as a descending geometric series e.g. according to de Liocourt (1898) .
The aim of this paper is to assess the suitability of the Gini index for evaluation of transformation from even-aged to selection forest.
MATERIAL AND METHODS
Two groups of forest stands designed to transform to a selection forest were selected on January 1, 1973 at the Training Forest Enterprise (TFE) Masaryk Forest Křtiny (Truhlář 1975) . A distance between both groups is approximately 2.5 km. The one, Klepačov, is located near the village of Klepačov and the other, Pokojná Hora, between the villages of Olomučany and Rudice (Fig. 1) . Characteristics of the stands are listed in Table 1 .
Pokojná Hora lies on limestone and on loess loams. The predominant soil types are typical Luvisols and oligotrophic to mesotrophic Cambisols (Němeček et al. 2001 1973, 1983, 1993, 2003 and 2013. In diameter classes > 34 cm silvicultural measures implemented in both areas during the entire transformation period can be described as follows: principles of vitality, structure and target diameter harvest selection were applied. The main focus was the target diameter harvest.
Group selection was applied only in the early stages of transformation in single-storeyed evenaged stands. The aim was to achieve the heterogeneous vertical structure of stands. High quality trees with high DBH increment rates and perfectly shaped crowns were left regardless of diameter. In diameter classes between 18 and 34 cm a positive selection with focus on vitality and structure was applied. The aim was to change the single-layer canopy into a vertically heterogeneous stand. Individuals with high potential diameter increment are released by positive selection. More mature trees are released by a stronger intervention, removing the closest stronger and lesser-quality individuals. Trees of the largest diameters, trees of lower quality and trees with insufficient diameter increment are harvested by a group cutting.
In diameter classes < 18 cm, removals of damaged trees were applied. In conifers, positive selection was performed with the focus on valuable trees with high potential diameter increment. On the other hand, among broadleaved trees negative selection was implemented and stand canopy closure was kept denser due to a desired improvement in tree quality.
Data analysis. In 1973 In , 1983 In , 1993 In , 2003 In and 2013 , both Klepačov and Pokojná Hora were fully callipered (DBH > 8 cm over bark). The trees were permanently marked in the field and DBH was always measured at the same place for each tree. Tree diameters were ordered into 4-cm diameter classes. According to the shape of the distribution of diameter frequencies, types of structures according to Baker et al. (1996) were assigned to forest stands. The types of structures ware based on the inventory in 2013: 4 -two-sized, 5 -uneven-sized irregular and 7 -uneven-sized balanced.
To calculate Gini indices (G i ), numbers of trees in diameter classes and their basal areas were used.
For each stand G i was computed as the ratio of: (i) the area identified by the Lorenz curve (Lorenz 1905 ) and the diagonal, and (ii) the whole area below the diagonal (Fig. 2) . Eq. 1 was used to calculate G i (Duduman 2011) :
where: k -number of diameter classes, ba i (ba i-1 ) -cumulative fraction of the basal area (%) of trees with diameter smaller than or equal to the i th (i -1) diameter class (for i = 1, ba i = 0), n i (n i-1 ) -cumulative fraction of the number of trees (%) with diameter smaller than or equal to the i th (i -1) diameter class (for i = 1, n i = 0). G i always ranges between 0 and 1. The G i value is lower if the population is more homogeneous, and vice versa (Gini 1912 (Gini , 1921 . Using Lorenz ordering for comparing biomass differences between individuals in a plant community was first suggested by Weiner and Solbrig (1984) , who also pointed out the usefulness of estimating diameter variation by means of the Gini coefficient in this context (Valbuena et al. 2012) .
The coefficient of variation of diameters for grouped values (S x %) was also computed in order to test a correlation with G i , as Eq. 2:
% 100
where: s x -standard deviation of diameters for grouped values, x --arithmetic mean of diameters for grouped values.
The target G i value was derived uniformly for all stands from the target diameter structure curve by Meyer (1952) , curve of type E (Korf 1955) , as Eq. 3:
where: N -number of trees in the diameter class with the mean diameter x.
Based on this diameter distribution model, the target G i value was 0.5350.
Curve of type E (Korf 1955) starts from the 16 cm registration limit and it has been fitted by the least squares method to include trees in diameter classes 10 and 14 cm. This type of curve, as the model curve, has been used since the beginning of transformation (Forest Management Plan 2003 and 2013) . The evaluation of transformation of evenaged stands to selection stands was carried out by comparing the computed G i values for particular stands with the target G i value. If the stand reached or exceeded the target value of G i , it was considered having a target diameter structure.
G i share in the target value was computed as the ratio of G i and target G i .
G i values were computed by the package ineq (Version 0.2-13, 2014) in the R software (Version 3.2.3, 2015) .
RESULTS

G i
and S x % are correlated (Figs 3a, b) . Linear model of the dependence of S x % on G i values (Fig. 3a) : S x % = 91.5446 × G i + 5.7878. The model explains 96% of variability in the coefficient of variation and is significant (P = 0.000).
Linear model of the dependence of S x % on G i values according to the types of structures from the inventory in 2013 for the TFE Masaryk Forest Křtiny (Fig. 3b) : S x % = 89.9201 × G i + 7.17809. The model explains 95% of variability in the coefficient of variation and is significant (P = 0.000). Obviously, it is possible to define the types of tree structures based on the G i .
In Pokojná Hora, the G i values of particular stands ranged from 0.4014 to 0.5017 in 2013. During the 40-year period, the lowest G i (0.3422) was evaluated for forest stand 144 B in 1983. On the other hand, the highest value of G i (0.5017) occurred in stand 105 A in 2013. None of the 6 stands included in Pokojná Hora reached the target value of G i during the entire transformation period (Table 2). Throughout the transformation in Pokojná Hora, the closest target value of G i was reached in stand 105 A.
In Klepačov, the G i values for analysed stands ranged from 0.3751 to 0.5599 in 2013. Over the entire period of transformation, the lowest G i (Table 3) reached the target value of G i (1.0465 and 1.0093, respectively). Comparison of the target and computed Lorenz curves and the dynamics of G i over the entire transformation period in stand 114 C are presented in Fig. 4 . If the G i value reaches or exceeds the target value, then the stand reached the final state, which is diameter structure of selection forest.
The 
DISCUSSION
The results of our study can be compared with the following research papers. Sterba and Ledermann (2006) compared two growth model based simulations of development of two different forest estates -Weitra and Sonnenwald in Austria (strategy of age-class forestry with natural regeneration versus individual tree harvesting -selection system). The predicted average Gini index values for basal area ranged from 0.3 to 0.5 in both types of management for 100 years of simulation. Throughout most of the simulation period, the value was above 0.4. In our experiment, the range of Gini index values was very similar to that reported by Sterba and Ledermann (2006) . O'Hara et al. (2007) compared trends of the Gini indices in multi-aged and even-aged stands in longterm permanent research plots in Switzerland (surveyed since 1905). G i in even-aged stands ranged between 0.2 and 0.6, whereas in multi-aged stands between 0.4 and 0.7. This variability was due to the historical development in some even-aged stands. The Gini indices of these stands were initially declining, but from a certain point onwards they started to grow. As reported by O'Hara et al. (2007) , the increase in several even-aged plots corresponded to the development of a second cohort of trees. The Gini index in multi-aged stands tended to increase, while in the even-aged stands, it decreased over time. Higher values of the Gini indices were found in multi-aged stands due to the higher size class diversity. Hui and Pommerening (2014) evaluated size diversity patterns in multi-species, uneven-aged forests of Northern China. The Gini index values of two compared study areas ranged from 0.58 to 0.64. Based on data from the Norwegian National Forest Inventory, Lexerød and Eid (2004) found that the Gini index values varied from 0.16 to 0.68 in coniferous forests, with a mean value of 0.45. Lexerød and Eid (2006) analysed empirical diameter structure data of even-aged and uneven-aged stands of Norway spruce and Scots pine. Here, the Gini index values varied from 0.21 to 0.51, with a mean value of 0.38. Gini index values ranged from 0.16 to 0.57 for simulated diameter structure, with a mean value of 0.40 (the range from 0.16 to 0.30 corresponded to normal distribution; the range from 0.44 to 0.57 corresponded to J-shaped distribution). They found out that the Gini index can be superior to other measures and have a potential for a wide variety of forest management applications.
The more diverse the diameter structure, the higher the Gini index value (Hui, Pommerening 2014) .
As revealed by our research, the Gini index and the coefficient of variation of diameters are correlated (Figs 3a, b) . While the coefficient of variation of diameters characterizes only the diameter structure of the stand, the Gini index is a more complex structural indicator to size ordering for equitability description (Studeny et al. 2011) . The relationship between the Gini index and the coefficient of variation of diameters was confirmed by Duduman (2011) . Both our and that of Duduman (2011) models of this correlation are very similar (Fig. 3a) . Duduman (2011) provided the 20-40% range of coefficients of variation of diameters (S%) for evenaged stands and 50-80% for uneven-aged stands. A similar conclusion was drawn in our experiment. We compared our Gini index values with those of Duduman (2011) for various stand structures and we concluded that none of the stands reached even-sized structure, 5 stands reached two-sized structure, 6 stands reached uneven-sized irregular structure and 5 stands reached uneven-sized balanced structure.
It is obvious that a clear boundary distinguishing different types of stand structures is only a framework, as is well shown in Fig. 3b . The threshold 0.51 reported by Duduman (2011) does not exactly separate stands of the structure "uneven-sized irregular" and "uneven-sized balanced". In our opinion, Gini index-based stand structure determination should be used with regard to the local and stand conditions. This issue may be a subject for further research in the future.
Although G i is considered one of the best diversity indices in the assessment of diameter diversity (Lexerød, Eid 2006) , it is necessary to take into account that various stand structures with different Lorenz curves can produce the same G i value (Weiner, Solbrig 1984) . That is why the interpretation of the Gini index values should be carried out simultaneously with the interpretation of Lorenz curves, as is suggested e.g. by Klopcic and Boncina (2011) . The length of time between particular inventories of diameter diversity is also important. It is better to choose a longer interval to obtain reliable Gini index values. 
CONCLUSIONS
Based on aforementioned results of the G i based evaluation of 40-year transformation to a selection forest at the TFE Masaryk Forest Křtiny, we found that the Gini index values are significantly correlated with the coefficients of variation of diameters.
It is to assume that the Gini index can be applied to evaluate the diameter structure in stands under conversion from clear-cutting to selective harvest management systems and it can also be successfully used as a means of assessment of the long-term development of diameter structure and its convergence to an ideal state.
